A fast charged particle crossing the boundary between the chiral matter and vacuum radiates the transition radiation. Its most remarkable features -the resonant behavior at a certain emission angle and the circular polarization of the spectrum -depend on the parameters of the chiral anomaly in a particular material/matter. The chiral transition radiation can be used to investigate the chiral anomaly in such diverse media as the quarkgluon plasma, the Weyl semimetals, and the axionic dark matter.
I. INTRODUCTION
The chiral matter -the matter containing chiral fermions -possesses a number of unique properties originating from the quantum phenomenon of the chiral anomaly. Those chiral materials that exist at room temperatures, such as the Weyl semimetals, can be studied with high precision.
On the other hand, there are forms of chiral matter that exist only under extreme conditions, such as the quark-gluon plasma; their study requires novel approaches. In this letter we argue that an informative insight into properties of the chiral matter can be gained using the chiral analogue of the transition radiation.
The transition radiation is emitted when a fast charged particle, i.e. a particle moving with energy much greater than the medium ionization energy, crosses the boundary between the two media having different dielectric constants. This is a classical effect predicted by Ginzburg and Frank in 1945 [1] (reviewed in [2] ) that has a number of practical applications. The quantum corrections were calculated in [3] [4] [5] . The transition radiation originates from the difference of the photon wave function on the two sides of the boundary. At high energies this is manifested in variation of the plasma frequency, across the boundary.
In a chiral matter photon dispersion relation is modified due to the chiral anomaly [6] . As a result, when a fast charged particle crosses the boundary between the chiral matter and vacuum it emits the transition radiation, which we will refer to as the chiral transition radiation. Its spectrum was recently derived by one of us in [11] employing a method developed in [5] . It possesses distinctive features as compared to other forms of radiation by fast particles in matter.
Thus, the chiral transition radiation can be employed to investigate the chiral anomaly in various forms of matter and materials as we explain in the forthcoming sections.
II. THE SPECTRUM
The dispersion relation of a photon in a chiral medium can be most readily computed using the Maxwell-Chern-Simons theory [7] [8] [9] [10] , which is an effective low energy approximation of the QED in chiral medium. The gauge part of this theory reads
where the pseudo-scalar field θ encapsulates the effect of the chiral anomaly and c A is the anomaly coefficient. In practical applications one usually assumes that θ is either (i) spatially uniform and adiabatically time dependentθ = 0, or (ii) that it is time-independent and slightly anisotropic ∇θ = 0. The dispersion relation in each case takes form [12] [13] [14] [15] 
where k is the photon momentum and λ = ±1 is its circular polarization. The parameter µ is a complex function of its arguments that is sensitive to the spatial or temporal variation of the θ-field. In the case (i) it reads
where σ χ = c Aθ is the chiral conductivity [16, 17] . In the case (ii) it takes form
where b = c A ∇θ [15] . In Weyl semimetals ∇θ is the separation in momentum space between the Weyl nodes of right-handed and left-handed fermions. We observe that µ can be real or imaginary depending on the photon polarization, whereas in a non-chiral matter µ is always real. This is the origin of the distinct transition radiation pattern from the chiral matter that we are proceeding to discuss in the next few paragraphs.
We start with the case (i) representing spatially uniform matter. We assume that the boundary is located at z = 0 and the particle moves in the z direction, i.e. perpendicular to the boundary.
At the boundary µ is discontinuous. In the ultrarelativistic limit, when µ can be treated as a small parameter, the photon wave function in the radiation gauge reads
where ǫ λ is the polarization vector such that ǫ λ · k = 0 and V is the normalization volume. By the same token the fermion wave function is
where p and ε are the fermion momentum and energy.
The scattering matrix element for the photon emission process is
where Q is the fermion electric charge and the prime distinguishes the final fermion energy and momentum. The invariant amplitude reads
where x = ω/ε is the fraction of the incident fermion energy carried away by the radiated photon,
and γ is the resonance width that depends on the system geometry, electrical conductivity etc. The radiated photon spectrum can be computed as
where σ,σ ′ are the fermion and anti-fermion spins. Substitution of (9) into (8) yields
For positive κ λ , the photon spectrum (10) coincides with the standard formula for the transition radiation with µ being the plasma frequency [5] . However, the main contribution to the photon spectrum arises from the pole at q 2 ⊥ = −κ λ > 0, i.e. when κ λ is negative. Keeping only the term that is most singular at γ → 0, we find the chiral transition radiation spectrum of photons [11] 
It is remarkable that the spectrum is circularly polarized * . Indeed, κ λ is negative only if λσ χ > 0 and x < [1 + m 2 /(λσ χ ε)] −1 . In other words, only one of the possible photon polarizations exhibits * In contrast, the ordinary transition radiation is linearly polarized [1] .
the resonant behavior, while the other one is suppressed. Whether the photon spectrum is rightor left-hand polarized depends on the sign of σ χ .
Since µ 2 ≈ −λσ χ ω, the angular distribution of the photons peaks at the angle ϑ 2 = q 2 ⊥ /ω 2 = −κ λ /x 2 ε 2 with respect to the fermion momentum. If the fermion mass is negligible and bearing in mind that most photons are soft (x ≪ 1) we can estimate ϑ 2 ≈ λσ χ /ω. III. APPLICATIONS 1. As the first application, consider jet emission from the quark-gluon plasma (QGP) with a homogenous chiral conductivity. QGP is isotropic at the scales of interest here, hence the corresponding case is (i). Jets in heavy-ion collisions are produced by the highly energetic color particles. If a jet is originated by a quark (as opposed to a gluon) we expect radiation of circularly polarized photons in a cone with the opening angle ϑ ∼ |σ χ |/ω with respect to the jet momentum.
The chiral conductivity is an unknown parameter. If we estimate it as σ χ ∼ 10 MeV, then ω = 1 GeV photons are emitted at the angle ϑ ∼ 0.1, provided that the jet energy ε is much larger than ω. Thus the observation of circularly polarized photons at angle ϑ to the jet direction would be an indication of the chiral transition radiation.
2.
We have seen that the main feature of the transition radiation from chiral matter is the emergence of the resonance factor in (11) . It arises entirely due to the energy and momentum conservation in a 1 → 2 process involving a photon with complex µ. Thus we expect to see the same resonant factor as in (11) arising in the case (ii) which deals with an anisotropic matter. The calculation of the pre-factor requires a more careful analysis that will be presented elsewhere. In the high energy limit Eq. (4) reduces to µ 2 ≈ −λωb cos β, where β is the angle between b and the photon momentum. The soft photon emission angle in the massless limit is ϑ 2 ≈ λb cos β/ω. Similarly to the previous case (i), the photon spectrum is circularly polarized. One can verify that now κ λ is negative only if λ cos β > 0 and x < [1+m 2 /(λεb cos β)] −1 . Thus the polarization direction depends on whether b points towards or away from the boundary. Furthermore, since µ 2 is proportional to cos β, the radiation is maximal when β = 0 or π and vanishes in the perpendicular direction.
To estimate the characteristic radiation angle discussed above, consider a Weyl semimetal with b = (α/π)80 eV [18, 19] . An electron with energy about GeV moving parallel to b (β = 0) would radiate, say, ω = 10 MeV photons at ϑ = 1.3 · 10 −4 . This can be tested by injecting a beam of energetic electrons normal to a Weyl semimetal film and measuring the polarization and angular distribution of the photons emitted in a cone with the opening angle ϑ around the beam direction.
3. The chiral transition radiation emitted by protons traveling through the dark matter lumps [20] can be used to search for the axionic dark matter. In this caseθ is proportional to the axion mass m a which is unknown but expected to be very small. The emission angle of the chiral transition radiation with respect to the direction of a cosmic ray is of the order of c A θ 0 m a /ω where θ 0 is the average value of θ. Taking θ 0 ∼ 10 −19 [21] , m a ∼ 10 −6 eV, and ω ∼ 1 TeV we obtain ϑ ∼ 10 −15 . Measurement of photon spectrum emitted by a cosmic ray at such angles might be possible over the astronomical distances.
IV. SUMMARY
In summary, we computed the transition radiation spectrum at the boundary between chiral matter and vacuum, given by (11) and argued that its unique features -the resonant enhancement at a characteristic angle ϑ and circular polarization -can be used as the direct measurement of the chiral anomaly in chiral matter/materials.
